Frequency behavior of Raman coupling coefficient in glasses 
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Low-frequency Raman coupling coefficient C(u) of 11 dif- 
ferent glasses is evaluated. It is shown that the coupling co- 
efficient demonstrates a universal linear frequency behavior 
C{y) oc (v/vbp + B) near the boson peak maximum, vbp- 
Frequency dependence of C(y) allows to separate the glasses 
studied into two groups: the first group has a frequency in- 
dependent contribution B~0.5, while the second one has B~0. 
It was found that C(y) demonstrates a superlinear behavior 
at very low frequencies. This observation suggests vanishing 
of the coupling coefficient when frequency tends to zero. The 
results are discussed in terms of the vibration wavefunction 
that combines features of localized and extended modes. 



I. INTRODUCTION 

One of the most interesting topics in solid state physics 
is the nature of the low- frequency (0.1-3 THz) collective 
vibrations in glasses. While these frequencies are in the 
range of acoustic excitations, there are experimental ev- 
idences that the vibrations are not pure acoustic plane 
waves and their density of vibrational states g{v) does not 
follow the Debye behavior (oc v 2 , where v is a frequency). 
A maximum in g(y)jv 2 that appears at some frequency 
vbp is usually called the boson peak. Vibrations around 
the boson peak can be studied by several experimental 
techniques: low-temperature specific heat_and thermal 
conductivity^, inelastic neutrono and X-rajocl scattering, 
infrared absorptions and Raman scattering!! In the case 
of the low-frequency Raman spectroscopy, the density 
of vibrational states appears in the light scattering spec- 
trum ijia the so-called light- vibration coupling coefficient, 



I{v)=C{v)g(v) 



(1) 



where I(v) is the Raman intensity for the Stokes side of 
the spectrum, and n is the Bose factor. 

A knowledge of C{y) and an understanding of its fre- 
quency dependence have significant importance for the 
topic of the low-frequency vibrations. First of all, a 
knowledge of C{y) provides a relatively simple method 
to extract the vibrational density of states from a Ra- 
man experiment. Secondly, the light-vibration cou- 
pling coefficient contains information on the vibrational 



wavefunctionB and, therefore, can be used as a test of 
different models. 

Two classical models suggested for the description 
of C(y) lead to different predictions: (i) Shukcr and 
GammonQ assumed that vibrations are localized on a 
distance much shorter than the light wavelength and 
predicted C{y) = const, while (ii) Martin and BrenigEl 
have demonstrated that a polarizability disorder mech- 
anism applied to slightly damped acoustic waves leads 
to C{v)~v 2 behavior at low frequencies and a peak at 
higher frequencies, related to a correlation length of the 
polarizability fluctuations. It was shown that quasi-plane 
acoustic waves with finite mean free path, I, will also 
contribute to the low-frequency, Raman spectrum with 
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when I 



Ref. 



RefM, or with C(v) 



const, 



when l~ x oc v 2 , 

There are a few challenges for experimental evaluation 
of the true vibration coupling coefficient: Very low tem- 
perature data for both - Raman spectra and g(v) - should 
be used in ftifder to avoid a quasielastic contribution (fast 
relaxation)Q'tll; it is not obvious whether all vibrations at 
one frequency contribute to the Raman spectra with the 
same C (y) , or there are different kinds of vibrations and 
each contributes with its own C(v). A comparison of the 
low-tempcrature low-frequency Raman spectra of glasses 
with the total g(v) obtained from low-temperature spe- 
cific heat or inelastic neutron data has demonstrated that 
the coupling coefficient appears to vary nearly linearly 
with frequencytHrEJ. 

However, this comparison did not consider the possi- 
bility that two different kinds of vibrational excitations 
could co-exist around the boson peak. Although most 
of the authors at present accept the idea that the vi- 
brations around the boson peak are strongly hybridized 
and can not be easily separated, the question is not yet 
completely settled. This question became especially im- 
portant in the light-pf the results of Hyper-Raman scat- 
tering experimental!]. The existence of differences in the 
behavior of THz spectra in Raman and Hyper-Raman 
scattering experiments was interpreted as evidence of the 
co-existence of two types of vibrational excitations. Also, 
there are theoretical approaches describing the THz dy- 
namics of glasses as a co-existence of two different r-tijPf s 
of vibrations in this spectral range (for example ,E£Ej). 
In this case, the Raman, coupling coefficient can lose its 
good physical meaningpj. One of the strong arguments in 
favor of the existence of a single type of vibrational exci- 
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tation could be the universal behavior of C{v) for glasses 
with various structures. This universality suggests that 
the two hypothetical types of vibrations are interrelated. 

A detailed analysis performed for silica glass has shown 
that C(u) varies linearly with frequency, 

C(y) = A{u/u BP + B) (2) 

in_ the range 10-50 cm _1 0. This result was interpreted 
as an evidence that the coupling coefficient extrap- 
olates to a nonvanishing-,value in the limit v —> 0. How- 
ever, it was shown inc3 that the coupling coefficient 
demonstrates a superlinear behavior just below 10 cm" 1 , 
i.e. the observed linear behavior can not be extrapolated 
to zero frequency. It would be very important to know 
whether this behavior is general also for other glasses. 

The present contribution analyzes the frequency be- 
havior of the coupling coefficient in a broad set of dif- 
ferent glasses, strong and fragile, covalently and ioni- 
cally bonded, low molecular weight and polymeric. It 
is shown that all glasses demonstrate the linear behavior 
of C{y) (eq.(||)) around the boson peak frequency. One 
of the most striking results is that there are two groups 
of glasses. One has a frequency independent contribution 
B with a universal value ~0.5, while the second group of 
glasses has B « 0. An interpretation of the results is 
proposed and a correlation with low-temperature ther- 
mal conductivity is found. 

II. RESULTS 

The density of vibrational states must be known in 
order to extract the Raman—coupling coefficient (see, 
eq.(jl])). It has been shownBEilS that relaxation-like pro- 
cesses give significant contribution to the Raman spectra 
and g{v) at frequencies below the boson peak even at 
temperatures as low as 50 K. Thus, experimental data 
obtained at T below 50 K should be used for extracting 
vibrational g(v). Two experimental techniques provide 
information on g{v): inelastic neutron scatteringa and 
measurements of low-temperature specific heatfil. The 
latter has a few advantages: (i) the number of glasses for 
which specific heat data are available is much larger than 
the number of glasses for which inelastic neutron scatter- 
ing data are available; (ii) the density of states calculated 
from low-temperature specific heat data corresponds to 
a very low temperature, where usually no neutron data 
are available. While in the past only a phenomenologi- 
cal analysis was available for extraction of the coupling 
coefficient from the comparison of the specific heat and 
Raman data (for example ,Ejo), recently it was shown 
that the integral equation for specific heat temperature 
dependence can be solved numerically and therefore the 
density of vibrational states_may now be obtained from 
heat capacity measurementsE3. 

Si02- The low-temperature density of states of Hcr- 
alux silica glass was calculated from the specific heat 



data published inEl using the procedure described in de- 
tails inE3. It was shown in this work that the density of 
states obtained from the specific heat data is in excel- 
lent agreement, wt h the one measured by inelastic neu- 
tron scatteringtIrE9. Low-temperature polarized Raman 
data from Heralux glass werej-ta ken frorr£3 (T= 7 K) and 
depolarized data taken fromtS (T— 10 K). The Raman 
coupling coefficient for the density of states evaluated 
from the specific heat data is in good agreement with 
that calculated from comparison of the Raman and neu- 
tron dataBEl (Fig.l). Note that the deviation of C{v) 
of Ref« in the high-frequency part is related to different 
kinds of silica glasses used for light and neutron scatter- 
ing. The difference-between the results reported ir£3 and 
those reported ii£3 at very low-frequencies is related to 
the presence of a quasielastic coxitribution at T— 50 K 
(lowest temperature used in Ref.E3) in the range v < 10 
cm . This difference stresses the importance of using 
very low temperature data for estimates of the vibra- 
tional C{v). 

Fig.l demonstrates (see also the inset) that in the fre- 
quency range 10-40 cm -1 the coupling coefficient varies 
linearly with frequency, C{y) oc {v/vbp + B). The cou- 
pling coefficient is proportional to frequency in the range 
from ~40 cm -1 up to "T20 cm -1 . A superlinear behavior 
is observed below 10 cm -1 . In the Raman experiment 
of RefEO, the signal in the range 7-8 cm -1 was so weak 
that it was not possible to detect it. In this case only 
an estimate of the upper limit of the signal is available. 
This estimate was used for the calculation of the upper 
limit for C{v) at frequencies 7-8 cm -1 . The open circles 
in Fig. 1 show the upper limit of the coupling coefficient 
(for the polarized spectrum). Thus, it is_very likely, that 
the linear behavior of C{y) observed ircil is restricted to 
frequencies above 10 cm -1 , but the coupling coefficient 
has another frequency dependence for v< 10 cm -1 . Also 
it follows from the data o£3 that C{v) increases faster 
than linear at v< 10 cm -1 . Further measurements of 
Raman scattering in silica glass at low frequencies and 
low temperatures (< 10 K) are needed in order to clarify 
the frequency behavior of the coupling coefficient at v< 
10 cm" 1 . 

B2O3. The density of states was calculated from the 
specific heat data of_the D5 sample published inEi The 
specific heat data o& were extended above T= 20 K by 
the results published inEJ (the results omB show that the 
specific heat data of different boron oxide glasses collapse 
to a single curve above ~15 KJ. Raman data measjised 
at T= 15 K were taken fromEil (the sample-used irEi is 
identical to D5 fromcJ as it follows from Ref E3) . The cal- 
culated coupling coefficientJFig.2) is in good agreement 
with the one published ir£3. Fig2. shows that the fre- 
quency behavior of the coupling coefficient in B2O3 glass 
is linear below 30 cm -1 and is proportional to v 5 above 
30 cm" 1 . 

Se. The density of vibrational states of Se glass, was 
calculated from specific heat data published inOo. In 
the range 10-60 cm -1 , this calculation is in fair agree- 
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ment with the results of neutron scattering at T=100 K 
published intj. The depolarized Jiaman spectrum of Se 
glass at T—6 K was taken fromlla. The coupling coef- 
ficient (Figure 3) was calculated using density of states 
evaluated from both, specific heat and neutron scattering 
data. It is linear in the range 5-20 cm -1 and varies more 
strongly than linearly above this range. The superlincar 
behavior of C(v) also appears below 5 cm -1 . 

CKN. The vibrational density of states was. calcu- 
lated from the specific heat data published ir£3. The 
specific heat in this work was measured up to 8.5 K. It 
is expected that the vibrational density of states found 
will|-b|e valid in a frequency range up to about 20 cm -1 
(seecS). The low- frequency Raman spectrum at T= 6 
K was taken fromEZl. The density, of states at T= 252 
K of CKN glass was measured inc3. Since the density of 
states does not demonstratej-sagnificant temperature vari- 
ations for v > 10 cm -1 Ref.H, the coupling coefficient at 
T=200 K was calculated using the Raman data at T~ 
200 K (data fromO) and neutron scattering data ofESl 
(no correction for the Debye- Waller factor was done for 
S(Q,v)). The two estimates of the coupling coefficient 
(from neutron and specific heat experiments, Fig. 3) show 
good agreement in the range 10-30 cm -1 , while the pres- 
ence of the fast relaxation below 10 cm -1 is clear at T= 
200 K. The coupling coefficient reveals a linear frequency 
behavior in the range 10-22 cm -1 and the stronger de- 
pendencies below 10 cm" 1 and above 35 cm . 

AS2S3. The density of states_was calculated from the 
specific heat data published iro (data for the annealed 
sample). The evaluated density of states in the range 10- 
60 cm -1 is in fair agreement with g(y) obtained from in- 
elastic neutron scattering measurementsEa at room tem- 
perature. A low-temperature depolarized— Raman spec- 
trum of the AS2S3 glass was measured inE3. The values 
of C(v) from that work (Fig. 4) show that the coupling 
coefficient is proportional to v in the range 5-60 cm -1 . 

GeC>2. Low-temperature low- frequency Raman data 
and specific heat data for GeC-2 glass were taken fromo. 
The density of states was calculated from the specific 
heat. The values of Civ) (Fig. 4) derived from that data 
show that C{y) is nearly proportional to v for the whole 
frequency range 10-50 cm -1 . 

GeSe2. Inelastic neutron scattering data and low- 
temperature specific heat data for GeSe2 glass are pre- 
sented inO. Our evaluation of the vibrational density of 
states from the low-temperature specific heat (measured 
up to 18 K) is in good agreement with room temperature 
neutron data in the range 10-50 cm -1 . This agreement 
suggests that a contribution of the fast relaxation in this 
frequency range is negligible already at ambient condi- 
tions. A room tempjecature Raman spectrum of GeSe2 
glass was taken fromcj. The spectrum measured in this 
work shows a well defined peak already at room tem- 
perature, supporting the contention that the quasielastic 
contribution is well suppressed at frequencies correspond- 
ing to the boson peak maximum. The coupling coefficient 
was calculated from a comparison of Raman and neutron 



scattering data at room temperature (Fig. 4). This calcu- 
lation demonstrates nearly linear frequency behavior of 
C(y) in the whole frequency range 8-90 cm -1 . 

(Ag20)o.i4(B 2 03)o.86- Vibrational density of states 
of a (Ag20)o.i4(B 2 p-a)o.86 glass was calculated from the 
specific heat data olo. Specific heat data were measured 
up to 18 K in this work. Since the low-temperature spe- 
cific heat coincides with that of B2O3 glass for T> 10 
Ke3, we extended the data of the (Ag 2 0)o.i4(B 2 03)o.86 
glass to higher temperature using the data from the 
B2O3 glass. The extended data allowed us to calcu- 
late the density of states for higher frequency. A low- 
temperature depolarized Jiaman spectrum recorded at 
T= 20 K was taken fromo. The derived coupling coef- 
ficient of (Ag 2 0)o.i4(B 2 3 ) .86 glass (Fig.4) is linear in 
the range 10-60 cm -1 and slightly superlinear above this 
range. 

Polystyrene (PS). The density of vibrational states 
of PS glass pwas, calculated from the specific heat data 
published irE3'0. A low-temperaturepdepolarized Raman 
spectrum (at T=6 K) was taken fromo. In the frequency 
range 8-90 cm -1 , C{v) calculated from these data (Fig. 5) 
agrees well with the coupling coefficient obtained earlier 
by direct comparison of-4ieutron and Raman scattering 
data at T~35 K (fromtHl). The contribution of the fast 
relaxation^ at T— 35 K is responsible for the difference 
between the two estimates of coupling coefficient at fre- 
quencies below 8 cm . The coupling coefficient in PS 
glass (Fig. 5) varies linearly with v in the range 5-40 cm -1 
and superlinear above and below this range. 

Polycarbonate (PC). The coupling coefficient at T= 
15 K for PC glass was found inlij by direct comparison 
of neutron and Raman scattering spectra. It is linear in 
the range 5-50 cm -1 and superlinear above this range 
(Fig.5). 

Polymethylmethacrylate (PMMA). Calculation 
of vibrational density of states of PMMA .-glass was 
done from the specific heat data published iri 3C l A low- 
temperature Raman spectrum was measured inO. Ciy) 
obtained from that data (Fig. 5) agrees well with the cou- 
pling coefficient found iro from comparison of neutron 
and Raman scattering spectra at T= 30 K. C(v) varies 
linearly with v in the range 7-30 cm -1 and has a stronger 
frequency dependence above this range. 

III. GENERAL FEATURES OF C{v) 

In this section some general properties of the Raman 
coupling coefficient will be discussed. The goal is to re- 
veal features that are universal or different for the glasses 
analyzed. 

The results presented in the previous section indicate 
that the frequency behavior of coupling coefficient can be 
considered in three frequency ranges: significantly below 
the frequency of the boson peak maximum, vbp', around 
vbp and significantly above vbp- The comparison will 
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be done with the frequency axis scaled to vbp- The fre- 
quency vbp was defined as the position of the maximum 
in the curve g(v)/v 2 . Table 1 presents for the glasses 
under discussion the values of vbp defined in this way. 

Linear dependence of Civ) near vbp- A linear 
behavior of C{v) for frequencies near that correspond- 
ing to the boson peak maximum can be seen for all 
the glasses. This linear behavior can be described by 
eq.(|^). The constant B characterizes the relative contri- 
bution of two additive terms in eq.(||). Fig. 6 presents a 
plot of C{v) for seven glasses (Si0 2 , B 2 3 , Se, CKN, 
(Ag 2 0)o.i4(B 2 03)o.86, PS, PC) plotted against scaled 
frequency (amplitudes of the C{v) were normalized near 
v/vbp — 1). For clarity, only data above 0.5^pp are 
presented in this figure. Clear differences in C(v) of the 
different glasses are observed at high frequencies. How- 
ever, C{v) tends to a master curve (universal frequency 
dependence) at frequencies below ~l.bvBP- The universal 
behavior shown by the dashed line presents the depen- 
dence 

C (v) oc vjvBP + 0.5 (3) 

The linear frequency dependence describes well the be- 
havior of C[y) found experimentally starting from the 
frequency ~0.5vbp- The high frequency limit of this be- 
havior varies from 1.5vbp for Si0 2 and Se up to about 
Ai>bp for the PC glass. 

However, there exists another group of glasses that 
does not follow the frequency behavior highlighted in 
Fig. 6. The results for the other four glasses (PMMA, 
As 2 S 3 , GeSe 2 , Ge0 2 ) are presented in Fig. 7. C{v) for 
these glasses can be well described by a simple linear de- 
pendence with the constant B in eq. (Q) having a value of 
zero. 

Thus, all the glasses analyzed here are separated into 
two groups: those with C (y) oc u/vbp + 0.5 near the 
boson peak maximum (Fig. 6), and another group with 
C(v) oc v (Fig. 7). In the following we will refer to these 
two groups with the designation of "type-I" and "type- 
II", respectively. 

Low-frequency behavior of C(y) (y < 0.5^pp). At 
least four glasses (Si0 2 , Se, PS and CKN) demonstrate 
superlinear frequency dependence in this spectral range. 
The low-frequency portions of C(v) for these glasses are 
presented in Fig. 8 on a log-log scale together with the 
function C (i>) oc ^/^pp+0.5. The coupling coefficient 
varies superlinearly below some frequency ~0.5vbp, devi- 
ating strongly from the extrapolation of linear behavior 
(Fig. 8). The crossover frequency of a transition to su- 
perlinear behavior appears to be ~0.3z^pp for Si0 2 and 
-0.5^ BP for Se, PS and CKN. 

It is remarkable that these systems have significantly 
different microstructure and fragility. This suggests that 
superlinear frequency behavior for v < (0.3-^0.5)fpp 
may be general for various glasses. The fact that we did 
not observe the superlinear frequency behavior of C{v) 
in other glasses can be explained by two reasons: either 



the experimental data are not extended to low enough 
frequencies, or they are measured at temperatures that 
are not low enough and the presence of the fast relaxation 
at low frequencies masks the true vibrational behavior. 
The importance of the relaxation contribution even at 
temperature as low as T= 15 K can be demonstrated in 
the case of the B 2 C>3 glass. Indeed, from Fig.l o£2l it is 
evident that the fast relaxation is not negligible at T= 
15 K and dominates for v <3 cm -1 . Since the spectral 
shape of the fast relaxation spectrum in B 2 03 does not 
depend on temperatureEs, we can subtract it from the 
Raman spectrum at T= 15 K-using the spectrum of the 
fast relaxation determined ir£2l. The Raman spectrum 
of B 2 C>3 glass corrected in this way (by adjusting ampli- 
tude of the relaxational specteum at the lowest points of 
the spectrum in Fig.l of RefO) gives the coupling coef- 
ficient shown by the dotted line in Fig. 8. This revised 
coupling coefficient depicts the superlinear behavior at 
v < 0.5vbp- 

High-frequency behavior of C(v) {v > Ivbp)- 
Figs. 6 and 7 show no universal behavior of the coupling 
coefficient in this frequency range. It varies from sublin- 
ear to strongly superlinear behavior for different glasses. 

IV. DISCUSSION 

The observation of the superlinear behavior of the cou- 
pling coefficient below some frequency v < (0.3-^0.5)^pp 
is very important. It has been shown that C{y) for 
acoustic-like vibrations should increase ~v 2 . This pre- 
diction was obtained in the framework c^different model 
approximations (see, for example, Refs.mffl). 

Basing on their experimental observations, the authors 
of Ref.til suggested that the linear behavior of C[y) can 
be extrapolated to the limit v — > and C[y = 0) has 
a nonvanishing value. The results of the present work 
show that this extrapolation is not correct and the char- 
acter of the frequency dependence changes at lower v, 
corresponding to the expectation that C(y) — > when 
v — > 0. However, the existing experimental data do not 
allow one to establish the exact frequency dependence, 
and this topic still requires further investigation. 

At higher frequencies, C[y) demonstrates the univer- 
sal linear behavior for type-I glasses (Fig. 6). The glasses 
in this class vary significantly in structure, fragility, and 
ratio of the excess vibrations to the Debye level. There 
are many models that assume two different kinds of vi- 
brations coexisting at frequencies around the boson peak: 
propagating and localized or quasilocal. Ear example, in 
the framework of the soft potential modell3 it is assumed 
that propagating waves have a Debye-like density of 
states and do not contribute to the Raman spectra, while 
excess vibrations are localized and have C(y) = const. 
The ratio of the excess vibrational density of states to 
the Debye level around the boson peak is ~4 in Si0 2 and 
~0.4 in CKNE3, i.e. it differs up to 10 times. In that 



4 



respect, the observed universality of C(v), obtained us- 
ing the total density of vibrational states (Figures 6,7), 
supports an alternative idea that all vibrations around 
the boson peak are hybridized and can not be separated 
into propagating and localized. 

In order to explain the observed universality of C(v), 
significant theoretical work should be done. There are 
two complications in this problem: (i) there is no good 
approximation for the wavefunction of the vibrations 
around the boson peak; (ii) the scattering mechanism, i.e. 
the way how the vibrations modulate polarizability of the 
material, is not clear and might be different for different 
glasses. Below we consider a very simplistic model that 
might provide a qualitative description of the observed 
universal behavior of C (y) . One possible explanation for 
this behavior can be found in the framework-jaf-ihe ap- 
proach of non-continuous glass nanostructurec^TEd. The 
model assumes that the boson peak vibrations combine 
properties of both localized and extended excitations. At 
short distances (inside of a nanocluster), displacements 
of atoms are coherent and the wavefunction is similar to 
a vibration localized in the cluster. At longer distances, 
however, the vibrations start to have diffusive character 
(probably as ir£3). Note that the spirit of this consider- 
ation is very similar to that of the model ir£3. 

For simplicity of discussion we will follow continuous 
medium approximation!! In this case the inelastic light 
scattering is caused by acoustic vibrations via the elasto- 
optic effect. The coupling coefficients for the Raman 
scattering of acoustic-type excitations is written asQiZI: 

C(v)oc / - 9r > (P(0)P*(T > )){s 1 '(0)s w *(r > )) (4) 

Here s l '(T > ) is the strain of an acoustic vibration with 
frequency v, (...) means configurational and statistical 
averaging, and P(~r*) is the elasto-optic constant. Cross- 
correlations of P(T*) and s l/ (T*) fluctuations arc ne- 
glected for simplicity. Since the phonon mean free path 
is much shorter than the light wavelength, the expo- 
nential exp{Hfl^) (where if is the scattering wavevec- 
tor of the experiment) is also neglected. The polar- 
ization indices are omitted for simplicity. We assume 
(P (0) P*(~r*)) w P 2 and neglect contribution of the fluc- 
tuating part of the elasto-optic constant in the Raman 
coupling coefficient. 

In the framework of the model considered, the integral 
of eq.(^) can be separated into two parts: the first is 
for the short distances, where the wavefunction of the 
vibration mimics the localized feature; the second one is 
for longer distances, where the wave function has diffusive 
character: 

J~T*|=i? poo 

C(v)oc 9f(/(0)/*(f))+ / dr(s"{0)s l 

JO J\1*\=R 

(5) 

Here, R is the radius of the nanocluster. The wavefuc- 
tion in the first term behaves as a localized vibration 



and this is the case described in the Shuker-Gammon 
modefl. Therefore, the first term is frequency indepen- 
dent. The diffusive character of the boson peak vibra- 
tions determines the fr.e<j|uency behavior of the second 
term in eq. @. In RefH, it was shown that the diffu- 
sive feature of acoustic vibrations leads to C{v) oc v. 
Therefore, the second term in eq.([|) is proportional to 
frequency. Thus, the localized-extended character of the 
boson peak vibrations may be the reason for the linear 
frequency dependence of the Raman coupling coefficient. 

According to eq.(|5|), the relative contributions to C(v) 
of a frequency independent term and a term proportional 
to frequency reflects the relative weights of localized and 
extended part of the boson peak vibration. The result of 
Fig. 6 means that at the boson peak maximum the ratio 
of the localized and extended parts is the same for these 
glasses. 

However, the frequency independent contribution to 
C(v) for some of glasses is negligibly small (Fig. 7). In 
the framework of the considered model, it means that 
for these glasses either the vibrations have diffusive-like 
character even inside a nanocluster or this part of the 
wavefunction does not contribute to light scattering due 
to selection rules. We do not have a clear explanation 
for the observed difference and it remains a challenge for 
future investigations. At present we only show another 
hint that the peculiarity of type-II glasses may be related 
to localization of the vibrations. Indeed, if this is true 
one should expect that boson peak vibrations of type-II 
glasses are more extended than those of type-I glasses. 
This difference has to show up in vibration transport 
properties. Figure 9 presents the thermal conductivity 
of Si0 2 , PfVfo Ge0 2 , PMMA and As 2 S 3 glasses (data 
from Refs.E3~E3) . The first three glasses are type-I and 
the next three are type-II. It is convenient to compare 
the pairs of glasses in which the two members of the 
pair have closely similar chemical nature but belong to 
different classes, for example, SiC>2 and Ge0 2 , PS and 
PMMA, As 2 S 3 and Se. It appears (Fig.9) that glasses 
of different type (but of similar chemical nature) have 
comparable thermal conductivity at higher T but type-II 
glasses have higher thermal conductivity at the plateau. 
It is known that the plateau region in thermal conductiv- 
ity corresponds to conductivity by vibrations around the 
boson peak. Thus, this comparison reveals weaker local- 
ization of the boson peak vibrations in type-II glasses and 
supports the above speculations. However, the question 
is far from settled and further investigations are needed 
in order to provide a microscopic explanation of the dif- 
ference between the two types of glasses. 

There are no universalities in the frequency depen- 
dence of C(v) for v > Ivbp- The high-frequency vibra- 
("ffcitas depend strongly on a particular atomic organization 
of a glass, its microstructure. A relation to peculiar mi- 
crostructure may be a reason for different behaviors of 
C(v) in this frequency range. 
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V. CONCLUSION 

The Raman coupling coefficient, C(v), is analyzed for 
the large number of glasses strongly different in their 
chemical structure and fragility. It is demonstrated that 
C{v) has a universal linear frequency dependence near 
the boson peak maximum: C [y) oc v /vbp + B, with 
B~0.5 for one group of glasses and B~0 for the second 
group. The observed universality suggests that the vibra- 
tions around the boson peak have some universal proper- 
ties for glasses with different structure. An explanation 
for the observed C{v) is formulated in the framework 
of a model describing the vibrational wavefunction as a 
combination of localized and extended parts. We relate 
the difference in the behavior of C{y) in the two groups 
of glasses to different localization properties of the vi- 
brations on a short length scale. This suggestion agrees 
with the observation of different behavior of thermal con- 
ductivity in these two types of glasses. It is also shown 
that C{u) has a superlinear behavior at frequencies be- 
low ~0.3-^0.5^sp. A sharp rise in mean free path of the 
vibrations with decrease in v may be a reason for this fast 
decrease in C{v). No universality is observed at higher 
frequencies (above ~2v BP ) suggesting that the particular 
atomic organization of glasses is important in this spec- 
tral range. 
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Table 1. Boson peak position, defined as the position 
of maximum of gjv 2 ■ 





glass 


BP position [cm l ] 


1 


Si0 2 


33.5 


2 


B 2 3 


18 


3 


(Ag 2 0)o.l4(B 2 03)o.86 


22.5 


4 


Se 


12 


5 


As 2 S 3 


16.5 


6 


CKN 


20.5 


7 


GeSc 2 


10 


8 


Ge0 2 


27 


9 


PC 


11 


10 


PS 


11.5 


11 


PMMA 


12.5 
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Figure captions 



are taken from RefsJ 



Figure 1. Frequency dependence of the coupling co- 
efficient C(v) for SiC>2 glass. Closed circles are polarized 
Raman scattering data from Ref.cZl (open circles are ex- 
plained in the text), thick solid line is the coupling coef- 
ficient for depolarized Raman data of Ref.c3. Thin line 
is oc v behavior. Triangles areXJ(^) data from Ref.EJ. 
Squares are Ciy) data from RefJlj. Inset shows the low- 
frequency (10-40 cm' 1 ) part of Ciy) in details. 

Figure 2. Frequency dependence of the coupling co- 
efficient Ciy) for B2O3 glass. Solid line is C(v) found 
for the density of states evaluated, from the specific heat 
data. Circles are Ciy) from RefJla. Inset shows the low- 
frequency (< 30 cm -1 ) part of Ciy) in details. 

Figure 3. Frequency dependence of the coupling coef- 
ficient Ciy) for CKN and Se glasses: triangles and circles 
correspond to density of states evaluated from specific 
heat data, dotted and solid lines is for density of states 
from inelastic neutron scattering (CKN and Se, respec- 
tively). Inset shows the low frequency range in details. 

Figure 4. Frequency dependence of the coupling 
coefficient Ciy) for AS2S3 (circles), Ge02 (triangles), 
GeSe2 (thin line) and (Ag20)o.i4(B 2 03)o.86 (thick line) 
glasses. Inset shows the low- frequency part of Ciy) in 
details. 

Figure 5. Frequency dependence of the coupling co- 
efficient Ciy) for polymeric glasses: PS - thin line corre- 
sponds to the density of states from neutron scattering 
experiment (data from Ref.liS), circles to the one evalu- 
atecLfrom specific heat data; PC - triangles (data from 
Ref.EI), PMMA - thick solid line corresponds to the den- 
sity of states from neutron scattering experiment (data 
from Refo), squares to the one evaluated from specific 
heat data. Inset shows the low-frequency part of Ciy) in 
details. 

Figure 6. Frequency dependence of the coupling 
coefficient C(v) for glasses: SiC>2, B2O3, Se, CKN, 
(Ag20)o.i4(B 2 3 )o.86, PS, PC, versus scaled frequency 
v /vbp- Only region above 0.5vbp is presented. Numbers 
of lines correspond to the numbers in the Table 1 . Tri- 
angles are (Ag20)o.i4(B 2 03)o.86, circles are CKN data. 
Dashed line is a fit C{v) oc v/vbp+0.5. Inset shows the 
low- frequency part of C(v) in details. 

Figure 7. Frequency dependence of the coupling coef- 
ficient Ciy) for glasses: PMMA (dotted line), As 2 S 3 (tri- 
angles), GeSe2 (solid line), Ge02 (circles) versus scaled 
frequency v/vbp- Dashed line is a fit C(v) oc v. Inset 
shows the low- frequency part of C(v) in details. 

Figure 8. The low-frequency part of the coupling co- 
efficient C(v) for glasses: SiC>2 (solid line), Se (triangles), 
PS (squares), CKN (circles) in logarithmic scale. Dashed 
line is C(v) oc v/vpp+0.5. Dotted line is C(v) for the 
corrected Raman spectrum of B2O3 glass as explained in 
the text. 

Figure 9. Thermal conductivity of SiC>2 (solid line), 
Ge0 2 (dotted line), PMMA (open circles), PS (solid cir- 
cles), AS2S3 (open triangles), Se (solid triangles). Data 
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